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Abstract continued:

The diffusivities are: D(fast) = 2.94 exp (-86. 6 kecal/RT) and D(slow) =
1.08 x 107 exp[-32.8 kcal/RT]. These data show that sulfur migrates
“through nickel oxide by two different mechanisms at two different rates.
/A concurrent study was performed ona the S0O; -0O; corrosion of Ni and
( Ni-234 Cr alloy between 900 and 1050°C, Constant oxygen pressure
\ (204) was used and 0, 2, 5 and 104 SO, with the balance argon. The
\ rates of corrosion increased as the percent SO, increased, attaining an
apparent maximum between 5 and 104. No sulfides were found at the
\nickel-nickel oxide interface.
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FINAL REPORT

In some examples of hotcorrosion, sulfide phases are found beneath
the oxide scale near or at the metal scale interface. The mechanism of
transport of sulfur through these scales is of immediate practical interest
and also of theoretical interest for a general understanding of transport
of anions through oxides. Accordingly, studies of the diffusion of sulfur-35
(a weak beta emitter ) have been carried out on single crystalline NiO.

Undoped single crystals and crystals doped with lithium or chromium
were grown by the Vernueil flame fusion method at Northwestern University.
Rectangular parallelopipeds approximately 4 x4x1.5mm were cut with
(001) faces. These were given a pre-anneal inabout one atmosphere of oxygen
inside a quartz ampoule to fix Ni /O ratio. The samples were quenched
and radio tracer sulfur-35 dissolved in benzene was applied to one crystal
face of the sample. The benzene was evaporated leaving the radio t:racex'-.
The sample was again sealed in a quartz tube then given a diffusion anneal at
the same oxygen pressure and temperature as the prediffusion anneal. The
sample was quenched and the residual activity counted as successive layers
were ground off.

The results showed the penetration profiles did not obey the simple
error function complement for a constant source into a semi-infinite sink.

Instead the penetration profiles could be fitted to the superposition of two

complementary error functions corresponding to the diffusion of two
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independently migrating species. One of these diffused faster than the other.

The results were

D (fast mode, S-35 in NiO) = 2.94 exp[ 22 63‘,‘1.““"L“‘°‘° Jem? /sec |

D (slow mode, S-35 in NiO) = 1,08 x 10~ exp[ —22-2 ‘;’;l RS Jomt/sec

and

for an oxygen pressure of approximately one atmosphere.

Additions of chromium, a donor, to NiO, increased the diffusivity of
the fast mode and decreased that of the slow mode. Additions of lithium, an »
acceptor, effected just the opposite behavior. Moreover, the diffusivity of
the fast mode decreased as the oxygen pressure decreased and conversely
for the slow mode. These data suggest that the slow mode represents
diffusion of sulfur via anion vacancies as was previously reported (1). The

faster mode is inferred to diffuse via cation vacancies inasmuch as the

addition of chromium increases this mode and the addition of lithium decreases
if.

In a parallel study (2), the corrosion of nickel and a nickel-2-1/4 w/o

Cr alloy were studied in atmospheres containing SO,. Temperatures of 900 -

1050°C were used and the initial gas compositions were

40, S0, ¢ Argon

20 0 80
20 2 78
20 5 75

20 10 70




The oxidation of unalloyed Ni in 20% O, - 80% Argon obeyed parabolic

kinetics and rate constants were in agreement with previous literature
values (3,4). The oxidation kinetics for the Ni - 2-1/4 w/o Cr alloy were
more rapid than the unalloyed Ni owing to the doping effect of the chromium
in the NiO scale. The addition of SO, to the gas mixtures increased the
rates for the 24 and 5% SO, mixtures. The rates in the 10% SO, mixture
decreased from that at 54 SO, for both the unalloyed nickel and the nickel-
chromium alloy. Representative samples were cross sectioned and examined
metallographically and by scanning electron microscopy. The unalloyed nickel
samples exhibited no sulfide phase at the scale-metal interface. This
phenomenon was unexpected since previous studies in the same laboratory by
Chang (5) had shown the presence of sulfides at the scale-metal interface.
Differences in the initial surface polish were noted and a series of tests
were carried out to determine whether surface pretreatment could affect the
presence or absence of sulfides at the scale-metal interface. Unalloyed nickel
was given an electropolish and then oxidized at 1060°C as follows:

a) Pre-oxidized 14 hours in 2040, - 804 Argon followed by

100 hours in 2040, - 704 Argon - 10%¢ SO,

b) 100 hours in 2040, - 704 - 104 SO, without preoxidation.

Samples were fractured to avoid removal of sulfides by the mechanical
polishing technique. The samples were examined in the SEM and traverses
using the X-ray dispersive analyzer were carried out. No sulfide phase was

detected at the metal-scale interface for either sample. Furthermore, the




sample B exhibited large columnar grains and virtually no visible
porosity. These scales contrasted with those formed previously (5)
in which the scales exhibited a large fraction of porosity and there
was a sulfide phase at the metal-scale interface. The difference in
behavior was attributed to the difference in the presence of pores.

Furthermore, the diffusion of sulfer by bulk diffusion is too slow

e S ——

to penetrate the growing scale unless migration via pores or boundaries
is possible. These results indicate the importance of initial surface '
finish on hot corrosion of metals. Further studies are underway to

test this working hypothesis further.

REFERENCES

s 1 D. R. Chang, R. Nemoto and J. B. Wagner, Jr., Trans. Met.
Soc. of AIME 7A, 803 (1976).

2. M. Stark, R. Nemoto and J. B. Wagner, Jr., Proc. of the
Symposium on Properties of High Temperature Alloys,
Electrochemical Society, Princeton, N.J., edited by Z. A.
Foroulis and F. S. Pettit (1976) page 311.

3, E. A. Gulbransen and K. Andrew, J. Electrochem. Soc. 104,
451 (1957).

4, K. Fueki and J. B. Wagner, Jr., ibid. 112, 384 (1965).

5. D. R. Chang, Ph.D. Thesis, Northwestern University (1973).




